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The invention concerns a process for the pr paration of 
synthesis gas from a hydrocarbon, containing feedstock in an 
autothermal reformer (ATR) and heat exchange reformer oper- 
ated in parallel with addition of carbon monoxide rich gas 
5 to the feedstock. 

Description of the Invention 

A plant for production of synthetic diesei and other syn- 
10 thetic hydrocarbons consists of three main parts. In the 
first main unit synthesis gas (a mixture of hydrogen and 
carbon oxides) is produced from the feedstock which is usu- 
ally natural gas or a similar light hydrocarbon feedstock. 
In the second main unit, the actual hydrocarbon synthesis 
15 takes place usually by the Fischer-Tropsch synthesis. In 

the final part often known as product workup unit (PWU) the 
raw products are refined and/or separated to give the de- 
sired end products. The present invention relates to an im- 
proved method for production of synthesis gas. 

20 

Today, one of the most cost effective and efficient methods 
for production of synthesis gas is by Autothermal Reforming 
(ATR) , In ATR the light hydrocarbon feedstock with addition 
of steam reacts with a sub-stoichiometric amount of oxygen 
25 to produce synthesis gas. An ATR reactor consists of a 

burner, a combustion chamber, and a catalyst bed in a re- 
fractory lined pressure shell . 

For the Fischer-Tropsch synthesis to be as effective as 
30 possible, a specific synthesis gas composition is often de- 
sired. In many cases the desired synthesis gas composition 
is given by the ratio of the content of hydrogen to the 



28/09 02 TOR 15:59 [AF/MT-NR SS9Q] 



26. SEP. 2002 lb: 07 HALDOR TOPSOfi A/S 14b 4bZYZ999 



2 

content of carbon monoxide. The desired ratio is often ap- 
proximately 2-0. With most operating conditions ATR is not 
able to produce this ratio. Instead a carbon dioxide con- 
taining stream must be recirculated to a location upstream 
5 the ATR reactor, This recirculation stream is often a tail 
gas, which is essentially a by-product from the Fischer- 
Tropsch synthesis unit and/or the Product Work-up unit. 

The main components in the tail gas are carbon monoxide, 
10 carbon dioxide/ hydrogen and various light hydrocarbons 

such as methane, ethane, propane, ethylene and propylene. 

Synthesis gas production may account for more than 50% of 
the total capital cost in a Fischer-Tropsch plant. For a 
15 plant based on ATR a large fraction of the cost of the syn- 
thesis gas production unit arises from the air separation 
unit needed to produce oxygen. Hence, there is a consider- 
able interest in methods for reducing the oxygen consump- 
tion per unit of synthesis gas produced. 

20 

The installation of a heat exchange steam reforming unit 
(HESRU) in parallel with the ATR is one method for increas- 
ing the synthesis gas production without the corresponding 
need for a larger air separation unit. In this case the 

25 feed (typically a mixture of desulphurised natural gas and 
steam or a pre-reformed mixture) is split between the ATR 
and the HESRU. The tail gas is added either to the ATR feed 
atroam, the HESRU feed stream or to both feed streams. The 
effluents from the ATR and the HESRU are combined to give 

30 the synthesis gas, which is sent to the Fischer-Tropsch 
synthesis section . 
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In the HESRU the endotherinic steam reforming reaction of 
the hydrocarbons take place as illustrated below, using 
methane as an example: 

(1) CH 4 + H 2 0 o 3H 2 + CO 

5 

The steam reforming reactions are accompanied by the water 
gas shift reaction: 

(2) CO + H 2 0 » H 2 + C0 2 

10 The above two reactions are close to equilibrium at the 
HESRU outlet. The temperature of the exit gas is above 
800°C to ensure a satisfactory methane conversion. The 
amount of tail gas added is adjusted to give the desired 
exit gas composition. Typically , the installation of the 

15 HESRU will increase the amount of tail gas recirculated to 
the process. 

As described above/ the HESRU reduces the oxygen consump- 
tion. However, the HESRU itself may be quite cost intensive 
20 and methods for reducing the size are desired. The catalyst 
in steam reforming units is often nickel supported on ce- 
ramic carriers such as alumina. 

Steam reforming involves the risk of detrimental carbon 
25 formation on the catalyst such as (example for methane) : 

(3) CH 4 => C + 2H 2 

Detrimental carbon formation on the catalyst may result in 
catalyst breakage, catalyst deactivation, and will eventu- 
.30 ally block the flow passage and must be avoided. One method 
known in the art to avoid carbon formation is to add a suf- 
ficient amount of steam to the hydrocarbon process stream. 
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However, in Fischer-Tropsch plants it is in general desir- 
able to minimise the amount of steam added to the feed- 
stock- One method for reducing the required amount of steam 
without carbon formation is to use noble metal catalysts 
5 (Rostrup-Nielsen et al., J. Catalysis 144, page 38, 1993). 
However, the cost of noble metals as compared to nickel is 
very high and considering the size of the HESRU it is de- 
sirable to reduce the amount of catalyst. 

10 The general object of the invention is to provide a steam 
reforming process by which size of the HESRU and amount of 
steam reforming catalyst is reduced. 

Accordingly, this invention is a process for the production 
15 of synthesis gas by catalytic steam reforming of a hydro- 
carbon containing feedstock in parallel in an autothermal 
steam reformer and in a heat exchange steam reformer in in- 
direct heat exchange with a steam reformed effluent stream 
from the autothermal steam reformer and a steam reformed 
20 effluent from the heat exchange reformer, wherein a carbon 
monoxide containing gas is added to the hydrocarbon feed- 
stock prior to steam reforming in the autothermal steam re- 
former and/or to the heat exchange steam reformer, the car- 
bon monoxide containing gas is added in an amount resulting 
25 in a product stream in which the ratio of the amount of hy- 
drogen to the amount of carbon monoxide is between 1.8 to 
2.3. 

The above features and aspects are disclosed in greater de- 
'30 tail in the following description with reference to the 

drawings in which Fig- 1 shows a specific embodiment of the 
invention. 
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A hydrocarbon and steam containing feed stream (1) is split 
into a stream (5) and a stream (14) in a ratio determined 
on a case to case basis. Optionally, stream (14) can be 
pre-re formed and/or further heated (not shown in Fig. 1). 
5 In case pre-ref orming is carried out, this will be done by 
the use of an adiabatic pre-reformer as described in the 
art (Christensen, Appl. Cat. A, 138, page 285,1996) 

Tail gas in a total amount to give the desired exit gas 
10 composition is added either through line {3) to line (14) 
or through line (2) to line (5) or through both lines in a 
ratio to be determined on a case to case basis- The com- 
bined stream (8) is together with oxidant (4) introduced 
into the ATR (13) to produce synthesis gas (9) . The com- 
15 bined stream (6) is introduced into the HESRU (7) to pro- 
duce synthesis gas (11) . The synthesis gas streams (9) and 
(11) are combined to stream (12) . Combination of the 
streams may be carried out inside a collector- Stream (12) 
provides the heat for the endothermic steam reforming reac- 
20 tion occurring in the HESRU, 

The catalyst in the HESRU (7) is in the form of catalysed 
hardware. The catalysed hardware can be applied directly to 
the surfaces through which heat transfer occurs in the 

25 HESRU , Catalysed hardware may further be in form of cata- 
lysts deposited in a metallic or ceramic structure attached 
to wll of the reactor. Alternatively, structured metallic 
or ceramic elements with a thin catalyst layer can be 
placed in the channels into which the feed stream (6) is 

30 introduced. The structured elements are preferably not 

straight channel monoliths as the heat transfer can be too 
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low. Preferably the elements are cross-corrugated or of a 
similar nature. 

The catalytic coating of a metal surface (wash coating) is 
5 a well known process (a description is given in 

e. g -Cybulski, A., and Moulijn, J. A., Structured catalysts 
and reactors , Marcel Dekker, Inc, New York, 1998, Chapter 
3, and references herein) . The appropriate material , pref- 
erable a ferritic steel containing Cr and/or Al, is heated 

10 to a temperature preferably above 800 C in order to form a 
layer of Cr and/or Al oxide. This layer facilitates a good 
adhesion of the ceramic to the steel. A thin layer of a 
slurry containing the ceramic precursor is applied on the 
surface by means of e.g. spraying, painting or dipping. 

15 After applying the coat the slurry is dried and calcined at 
a temperature usually in the region 350 - 1000 C. Finally 
the ceramic layer is impregnated with the catalytic active 
material- Alternatively the catalytic active material is 
applied simultaneously with the ceramic precursor. 

20 With catalysed hardware, the pressure drop is lower than 
with traditional catalyst pellets. Depending upon the ac- 
tual plant or unit in question, this can be utilised to re- 
duce the required pressure of the feed stream (1) while 
maintaining the same pressure in the product gas (10) . Al- 

25 ternatively, the pressure drop from the inlet (6) to the 
outlet (11 J can be maintained at the same level as in the 
case when pellets are used. In this case the pressure drop 
on the heat providing side < pressure in (12) minus the 
pressure in (10)} is increased. In this case the heat 

30 transfer area is substantially reduced since the heat 

transfer coefficient increases with increasing pressure 
drop. This will reduce the size and cost of the HESRO . 
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Also, in both cases, the amount of catalyst is substan^ 
tially reduced as compared to the conventional schemes- The 
use of catalysed hardware implies that the amount of cata- 
5 lyst can be determined from the required catalytic activ- 
ity. In conventional units using pellets, the reformer is 
designed to ensure sufficient heat transfer and pellets are 
simply placed in the tubes or channels through which the 
process gas flows often giving as known in the art a vast 
10 excess of catalyst activity. 

In further an aspect of the invention, nickel catalyst is 
employed in areas, where the temperature is low, and noble 
metals are used in areas with higher temperatures, where 
15 risk of carbon formation on surface of the catalyst is 
higher. 
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Process for the production of synthesis gas by 



10 



15 



20 



25 



catalytic steam reforming of a hydrocarbon containing feed- 
stock in parallel in an autothermal steam reformer and in a 
heat exchange steam reformer in indirect heat exchange with 
a steam reformed effluent stream from the autothermal steam 
reformer and a steam reformed effluent from the heat ex- 
change reformer, wherein a carbon monoxide containing gas 
is added to the hydrocarbon feedstock prior to steam re- 
forming in the autothermal steam reformer and/or to the 
heat exchange steam reformer, the carbon monoxide contain- 
ing gas is added in an amount resulting in a product stream 
in which the ratio of the amount of hydrogen to the amount 
of carbon monoxide is between 1-8 to 2.3. 

2. Process of claim 1, wherein the catalytic steam 
reforming in the heat exchange reformer is performed in 
presence of catalysed hardware. 

3. Process of claim 2, wherein the catalysed hardware 
is placed on the surface of the walls of the heat exchange 
steam reformer in heat conducting relationship with the 
steam reformed effluent stream from the autothermal re- 
former and/or the steam reformed effluent stream form the 
heat exchange reformer, 

4. Process of claim 2, wherein the catalysed hardware 
is placed on ceramic or metallic structured elements. 

5. Process of claim 4, wherein the structured elements 
are cross-corrugated elements. 
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6, Process of claim 1, wherein active catalytic mate- 

rial is nickel, ruthenium, rhodium, iridium, platinum, pal- 
ladium or any mixture thereof. 

5 7. Process of claim 1, wherein the autothermal steam 

reforming is carried out with an oxidant containing at 
least 90% oxygen by volume. 

8. Process of claim 1, wherein the hydrocarbon con- 
10 taining feedstock is a mixture of natural gas, steam, and 

hydrogen. 

9. Process of claim 1, wherein the hydrocarbon con- 
taining feedstock is a pre-reformed natural gas, 

15 

10. Process of claim 1, wherein the carbon monoxide 
containing gas is tail gas from a Fischer-Tropsch process. 
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ABSTRACT 



Process for the production of synthesis gas by catalytic 
steam reforming of a hydrocarbon containing feedstock in 
5 parallel in an autothermal steam reformer and in a heat ex- 
change steam reformer in indirect heat exchange with a 
steam reformed effluent stream from the autothermal steam 
reformer and a steam reformed effluent from the heat ex- 
change reformer, wherein a carbon monoxide containing gas 

10 is added to the hydrocarbon feedstock prior to steam re- 
forming in the autothermal steam reformer and/or to the 
heat exchange steam reformer, the carbon monoxide contain- 
ing gas is added in an amount resulting in a product stream 
in which the ratio of the amount of hydrogen to the amount 

15 of carbon monoxide is between 1.8 to 2.3, 
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